The fine structure of Actinomyces bovis, A. israelii, A. naeslundii, A. odontolyticus and A. viscosus was investigated by electron microscopy of chemically fixed and freeze-etched preparations. All species were grown in Brain Heart Infusion broth and examined after 4 and 7 days of growth. The fine structure of all species was similar. The thickness of the wall differed consistently, with A. israelii having the thickest. The mode of growth and division was of a uniform pattern. During growth lateral protrusions were formed, followed by two successive cell divisions which were perpendicular to each other and resulted in the formation of cell clusters. Usually these clusters consisted of two rows of cells at approximately right angles.
J. J. DUDA AND J. M. SLACK
The bar marker in all photographs (except where noted) represents 0.5 pm. Fig. I . Cells of 4-day-old Actinomyces odontolyticus, fixed with glutaraldehyde followed by the Kellenberger method. A thick cell wall with a granular material is noted. B, Budding cell; arrow, short membrane invagination. Fig. 2 . Oblique sections through a 4-day-old cell of Actinomyces bovis, fixed by the Kellenberger method. Extensive infolding of the membrane in one daughter cell near the division plane. The other daughter cell contains only one mesosome (M). Fig. 3 . Purified walls of 7-day-old Actinomyces israelii obtained by extraction with alkaline ethyl alcohol and treatment with pronase. The walls have a shaggy outer border, but the double-track structure of the wall is discernible. Bar represents I pm. 
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Ultrastructure of Act inomyces
Wall measurements. Fixed and unfixed whole organisms as well as purified walls were treated with a wide variety of enzymes but this treatment had no observable effect. Afterwards the thickness of the walls was determined by the methods of DePetris (1965) and Murray, Steed & Elson (1965) . Measurement? were made on both unbroken organisms and on purified walls in unfixed, fixed, stained and unstained preparations and included the area between the border of the dense inner layer and the outer edge of the irregular surface.
R E S U L T S
Observations on 4-and 7-day-old cultures revealed : (i) single bacteria in various stages of division, and (ii) clusters of two or more cells which were completely divided by cross-walls but not separated into discrete units.
In 4-day cultures, the wall thickness in the different species was approximately 65 nm for Actinomyces israelii, 45 nm for A:naeslundii, 35 nm for A. viscosus and 31 nm for both A . bovis and A . odontolyticus. The outer layer of the wall often appeared granular (Fig. I to 3) or 'fuzzy ' regardless of the plane of sectioning. Fig. 4 is a micrograph of a freeze-etched preparation of Actinomyces israelii. Although details of the internal structure cannot be discerned, the thickness of the walls is clearly revealed.
The cytoplasm of actively growing cells was densely packed with ribosomes, and cytoplasmic inclusions were present as electron-opaque or translucent areas (Fig. I, 2 ) . The cytoplasmic membrane was not readily discernible and was tightly associated with the cytoplasm as is typical of Gram-positive organisms. Mesosomes (Fig. 2) were present in each species but the occurrence, number and size varied widely even within single species.
Cell division was by formation of septa (Fig. 5) . Frequently that portion of the membrane invaginating at the division plane and initiating cross-wall formation formed folds resembling a mesosome. There was no indication that these structures could aid the completion of the septa. After completion of division there were either no mesosomes in both daughter cells or mesosomes were very elaborately formed in one cell and only sparsely in the other (Fig. 2,  5) . Infrequently, rounded organisms were seen in the population. They were not associated with division and invariably contained mesosomes of the tubular type (Fig. 6) . In such cells the nuclear element was distended and there were very few ribosomes (Fig. 7) .
Cell clusters as in Fig. 8 suggest that division must have occurred in two different planes. First, there was binary fission which resulted in one straight row of bacteria which were divided but not separated. At a right angle from the row, there was always another cell or row of cells which may have resulted from a different mode of division (short arrows). Such outgrowth seemed to be terminated by degeneration of the budding cell or this cell divided by binary fission before degeneration. There was no further proof of division of the daughter cell distal to the 'parent' row of cells (Fig. 8, 9 ).
DISCUSSION
These studies of five species of Actinomyces indicate that differences in cytoplasmic structures, which could be used for taxonomic purposes, did not exist. Minor variations in the finer structural details such as invagination of the membrane, were inconsistent among the species or even among cells of the same species. The only consistent differences were in wall thickness. This is in agreement with the findings of Overman & Pine (1963) .
In determining the width of the walls, stringent criteria (DePetris, 1965; Murray et al. J. J. DUDA AND J. M. SLACK I 965) were applied to eliminate comparisons between : (i) bacteria with fuzzy external layers; (ii) degenerated bacteria with unusually thick walls; (iii) bacteria fixed by different methods. The results obtained were consistent for each species under these given growth conditions. However, since changes in physical and chemical environment can induce profound changes in bacterial walls (Rogers, McConnell & Burdett, 1968; Garrett, 1969) ~ the possibility exists that the actinomycetes could also exhibit such changes. It is doubtful then, that wall thickness is a reliable differential taxonomic criterion. Chain growth, i.e. divided, unseparated cells, branching with formation of cell clusters, was a feature consistent in all species. Branching was achieved by buddingof acentre cell in a chain of cells and lateral outgrowth of the budding cell at an angle of about 90°C. The budding cell then divided, forming another cell chain perpendicular to the direction of growth of the parent cell that gave rise to the cluster. The septa were not always at a right angle to the longitudinal axis of the cell and the completed septa were often curved. Similar observations have been reported for several of the Actinomycetales (Hopwood & Glauert, 1960; Bradley & Ritzi, 1968) and for an organism isolated from a case of human leprosy (Freer et al. 1969) . If the angle of the septa is genetically controlled this factor could be of taxonomic significance.
